Abstract The objective of this study was to evaluate potential human and ecological risks associated with metals in fish and crayfish from mining in the Tri-States Mining District (TSMD). Crayfish (Orconectes spp.) and fish of six frequently consumed species (common carp, Cyprinus carpio; channel catfish, Ictalurus punctatus; flathead catfish, Pylodictis olivaris; largemouth bass, Micropterus salmoides; spotted bass, M. punctulatus; and white crappie, Pomoxis annularis) were collected in 2001-2002 from the Oklahoma waters of the Spring River (SR) and Neosho River (NR), which drain the TSMD. Samples from a miningcontaminated site in eastern Missouri and from reference sites were also analyzed. Individual fish were prepared for human consumption in the manner used locally by Native Americans (headed, eviscerated, and scaled) and analyzed for lead, cadmium, and zinc. Whole crayfish were analyzed as composite samples of 5-60 animals. Metals concentrations were typically higher in samples from sites most heavily affected by mining and lowest in reference samples. Within the TSMD, most metals concentrations were higher at sites on the SR than on the NR and were typically highest in common carp and crayfish than in other taxa. Higher concentrations and greater risk were associated with fish and crayfish from heavily contaminated SR tributaries than the SR or NR mainstems. Based on the results of this and previous studies, the human consumption of carp and crayfish could be restricted based on current criteria for lead, cadmium, and zinc, and the consumption of channel catfish could be restricted due to lead. Metals concentrations were uniformly low in Micropterus spp. and crappie and would not warrant restriction, however. Some risk to carnivorous avian wildlife from lead and zinc in TSMD fish and invertebrates was also indicated, as was risk to the fish themselves. Overall, the wildlife assessment is consistent with previously reported biological effects attributed to metals from the TSMD. The results demonstrate the potential for adverse effects in fish, wildlife, and humans and indicate that further investigation of human health and ecological risks, to include additional exposure pathways and endpoints, is warranted.
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Introduction
The Tri-States Mining District (TSMD) occupies some 2500 mi 2 (6475 km 2 ) of Jasper, Newton, and Lawrence Counties, Missouri; Cherokee County, Kansas; and Ottawa County, Oklahoma. The TSMD was mined for zinc (Zn), lead (Pb), and other metals from the mid-1800s through the 1960s, with peak production occurring during World War II (Pope, 2005) . Sites contaminated to varying degrees by wastes from historical mining, ore processing, and smelting are widely distributed in the area. Metals from these sites, which can be toxic to fish, wildlife, and humans, have contaminated soils, surface waters, groundwater, stream sediments, and biota in the watersheds of the Spring River (SR) and Neosho River (NR), which drain most of the TSMD (Allen & Wilson, 1992; Allert, Wildhaber, Schmitt, Chapman, & Callahan, 1997; Barks, 1977; Brumbaugh, Schmitt, & May, 2005; Czarneski, 1985; Davis & Schumacher, 1992; May, Wiedemeyer, Brumbaugh, & Schmitt, 1997; McCormack and Burks, 1987; Neuberger, Mulhall, Pomatto, Sheverbush, & Hassenein, 1990; Pita & Hyne, 1975; Pope, 2005; Proctor, Kisvarsanyi, Garrison, & Williams, 1974; Schmitt et al., 1993 , Schmitt, Wildhaber, Allert, & Poulton, 1997 Smith, 1988; Spruill, 1987; Wildhaber, Schmitt, & Allert, 1997 , 2000 Yoo & Janz, 2003) . Effects on human health from exposure to mining-derived metals have been documented (Neuberger et al., 1990) , as have effects on aquatic organisms and wildlife (Beyer et al., 2004; Schmitt et al., 1993 , Schmitt, Whyte, Brumbaugh, & Tillitt, 2005 Wildhaber et al., 2000; Yoo & Janz, 2003) . Remediation of contaminated sites in the TSMD has been initiated by the US Environmental Protection Agency (USEPA) under ''Superfund'' (i.e. the Comprehensive Environmental Response, Compensation, and Liability Act and its Amendments).
Northeastern Oklahoma comprises the lands of ten Native American tribes, whose lands adjoin both the SR and NR. Locally procured fish and crayfish are often important in the Native American diet (Bridgen, 2005; Harris & Harper, 1997) . Traditional cooking involves boiling or steaming fish with intact skin and bones, and the cooking liquids are often consumed. Although metals contamination in TSMD rivers and streams has been well documented (e.g. Pope, 2005), concentrations in fish as consumed by local inhabitants were unknown in 2001 because human health risk is typically evaluated on the basis of fillet samples (USEPA, 1990 (USEPA, , 2000a . Metals in aquatic organisms are not homogeneously distributed (Crawford & Luoma, 1993; Goldstein & DeWeese, 1999; Schmitt & Finger, 1987; Settle & Patterson, 1980) . Consequently, the methods used to prepare fish or other aquatic organisms prior to cooking can affect final concentrations. In addition to fish, Native Americans may also consume locally procured crayfish, frogs, turtles, waterfowl, and indigenous vegetation, and may be exposed to contaminants through other pathways such as contact with water and sediments. Native Americans have therefore been recognized as a subpopulation at comparatively greater risk from contaminants due to the proportionally large amounts of fish and other aquatic organisms in the diet, methods used to prepare the organisms, and proximity to contaminated sites (Bridgen, 2005; Harris and Harper, 1997; USEPA, 2000a USEPA, , 2000b Van Oostdam et al., 1999) .
Our study had two primary objectives: (1) to obtain preliminary information on metals concentrations in aquatic organisms (crayfish and several species of fish) important in the diets of Native Americans and wildlife; and (2) to conduct a screening-level evaluation of the potential hazards associated with Pb, Zn, and cadmium (Cd) in these organisms to fish, wildlife and humans, to determine whether more comprehensive human health and ecological risk assessments were warranted. We collected samples of crayfish and several species of fish from the Oklahoma waters of the TMSD; prepared the organisms as
